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(57) ABSTRACT

A field device (1) includes an electronic circuit (200) con-
nected to at least one of a sensor (600) and an actuator, a
bimetal temperature switch (400) connected to a power
source (100) 1n series with the electronic circuit (200) and
configured to turn on when rising to a first temperature, a
heating element (500) connectable to the power source (100)
in parallel with the electronic circuit (200) and the tempera-
ture switch (400), and a housing (300) configured to house
the electronic circuit (200), the temperature switch (400),
and the heating element (500).
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FIELD DEVICE CAPABLE OF OPERATING
IN EXTREMELY LOW-TEMPERATURE
ENVIRONMENT

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to and the benefit
of Japanese Patent Application No. 2018-225187 filed Nov.

30, 2018, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure relates to a field device.

BACKGROUND

Field devices and the like used 1n locations such as plants
may be used 1n harsh environments, depending on where
they are installed. For example, a field device might be used
in an extremely low-temperature environment. When used
in such an extremely low-temperature environment, the field
device may be aflected by the environment, making opera-
tions unstable.

A known field device addresses this 1ssue by including
clectronic components that operate normally even when
used 1n an extremely low-temperature environment. For
example, patent literature (PTL) 1 discloses a field device
with a temperature control function to control the internal
temperature by using a sensor to detect the internal tem-
perature of the field device and using a controller to adjust
the heat provided to the field device.

CITATION LIST
Patent Literature

PTL 1: JP2012-506089A

SUMMARY

A field device according to an embodiment includes an
clectronic circuit connected to at least one of a sensor and an
actuator, a bimetal temperature switch connected to a power
source 1n series with the electronic circuit and configured to
turn on when rising to a first temperature, a heating element
connectable to the power source 1n parallel with the elec-
tronic circuit and the temperature switch, and a housing
configured to house the electronic circuit, the temperature
switch, and the heating element.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a functional block diagram illustrating the
schematic configuration of a field device according to a
comparative example;

FIG. 2 1s a functional block diagram illustrating the
schematic configuration of a field device according to a first
embodiment;

FI1G. 3 1llustrates operations by the field device of FI1G. 2;

FIG. 4 1s a functional block diagram illustrating the
schematic configuration of a field device according to a
second embodiment;

FI1G. 35 1llustrates operations by the field device of FI1G. 4;
and
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FIG. 6 1s a functional block diagram illustrating the
schematic configuration of a field device according to a third
embodiment.

DETAILED DESCRIPTION

The field device disclosed in PTL 1 has a complex
configuration and 1s hard to reduce 1n size and cost.

It would be helptul to provide a field device that can
operate stably even 1n an extremely low-temperature use
environment and that allows a reduction in size and cost.

A field device according to an embodiment includes an
clectronic circuit connected to at least one of a sensor and an
actuator, a bimetal temperature switch connected to a power
source 1n series with the electronic circuit and configured to
turn on when rising to a first temperature, a heating element
connectable to the power source 1n parallel with the elec-
tronic circuit and the temperature switch, and a housing
configured to house the electronic circuit, the temperature
switch, and the heating element. In this configuration, the
heating element generates heat when power 1s supplied.
When the temperature rises to the first temperature, the first
temperature switch turns on, power 1s supplied to the main
unit, and the main unit starts to operate. The main unit can
therefore start to operate after having risen to the first
temperature.

In an embodiment, the temperature switch may be joined
in a heat transferable manner to a circuit board forming the
clectronic circuit. Power 1s therefore supplied to the elec-
tronic circuit when the electronic circuit has risen to the first
temperature or a temperature near the first temperature.

In an embodiment, the temperature switch may be
adhered to the circuit board by resin potting. Power 1s
therefore supplied to the electronic circuit when the elec-
tronic circuit has risen to the first temperature or a tempera-
ture near the first temperature.

In an embodiment, the field device may further include
another bimetal temperature switch connected to the power
source 1n series with the heating element and 1n parallel with
the electronic circuit and the temperature switch and con-
figured to turn ofl when rising to a second temperature that
1s higher than the first temperature. Heat generation by the
heating element 1s therefore suspended when the tempera-
ture rises to the second temperature. Hence, the temperature
can be prevented from rising excessively, which suppresses
unnecessary power consumption.

In an embodiment, the field device may further include
another heating element that 1s switchable with the heating
clement and has a different heat generation temperature
gradient than the heating element. The degree to which the
temperature rises can therefore be adjusted in accordance
with the environmental temperature.

The present disclosure can provide a field device that can
operate stably even in an extremely low-temperature use
environment and that allows a reduction in size and cost.

Embodiments of the present disclosure are now described
with reference to the drawings.

First, a field device according to a comparative example
1s described. FI1G. 1 1s a functional block diagram illustrating
the schematic configuration of a field device according to a
comparative example. A field device 10 according to the
comparative example includes a main unit (electronic cir-
cuit) 200 and a case (housing) 300 that houses the main unit
200.

The field device 10 1s connected to a power source 100.
Power 1s supplied to the main umt 200 from the power
source 100.
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The field device 10 1s connected to a sensor 600. The
sensor 600 measures various physical quantities and trans-
mits the measurement results to the main unit 200 as a
measurement signal. The sensor 600 may be configured as
any sensor capable of measuring a desired physical quantity.
The sensor 600 may, for example, include a pressure gauge,
a flow gauge, a temperature sensor, or the like, but these
examples are not limiting. Various other sensors may be
included. The field device 10 may be connected to an

actuator (not 1illustrated). For example, the field device 10
can be connected to a valve that includes an actuator and
send the valve an electric or spatial signal related to the
degree of opening of the valve, so as to control the valve to
be open to a predetermined degree. The field device 10 may
be connected to at least one of the sensor and the actuator.
The sensor and the actuator may be installed either on the
inside or the outside of the field device 10. In the present
disclosure, the field device 10 1s described below as being
connected only to the sensor 600.

The case 300 protects the main unit 200 housed 1nside the
case 300. The case 300 may, for example, be made of resin
or metal. The case 300 may, however, be made of a material
other than resin or metal.

The main unit 200 receives a measurement signal trans-
mitted from the sensor 600, executes various calculations
based on the received measurement signal, and performs
operations such as outputting the measurement results to
another device or displaying the measurement results. The
main unit 200 1includes a central processing unit (CPU) 201,
an 1nput circuit 202, an analog/digital (A/D) converter 203,
a program memory 204, a volatile memory 205, a non-
volatile memory 206, a display device 207, and an output
circuit 208.

The CPU 201 controls and manages the main unit 200
overall, including the function blocks of the main unit 200.
For example, the CPU 201 executes various processes by
executing programs prescribing control procedures. Such
programs may, for example, be stored in the program
memory 204, on an external storage medium connected to
the main unit 200, or the like.

The CPU 201 performs various calculations based on the
measurement signal received from the sensor 600. The CPU
201 transmits a signal related to the calculation results to an
external drive apparatus or controller via the output circuit
208, described below. The external drive apparatus or con-
troller 1s a drive apparatus or controller installed in a plant.
Examples of the plant include an industrial plant such as a
chemical plant; a plant for managing a well site, such as a
gas field or o1l field, and the surrounding area; a plant for
managing power generation such as hydroelectric power,
thermal power, nuclear power, or the like; a plant for
managing environmental power generation such as solar
power, wind power, or the like; and a plant for managing
water and sewage, a dam, or the like. The external drive
apparatus may include valve devices such as flow control
valves and opening/closing valves; actuators, such as fans or
motors; acoustic devices, such as speakers; display devices
such as displays; and the like. The drive apparatus performs
control 1n accordance with receirved signals. For example,
when the drive apparatus 1s a flow control valve, the drive
apparatus can control the flow i accordance with the
received signal. When the drive apparatus 1s an opening/
closing valve, the drive apparatus can open and close the
valve 1 accordance with the received signal. The external
controller may perform proportional integral differential
(PID) calculations or the like in accordance with the signal
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received from the CPU 201 and may control an external
drive apparatus based on the calculation result.

The mput circuit 202 1s connected to a sensor 600. The
input circuit 202 converts the level of the measurement
signal transmitted from the sensor 600. In other words, the
iput circuit 202 converts a measurement signal to a level
processable by the main unit 200. The measurement signal
with the converted level 1s mputted into the A/D converter
203.

The A/D converter 203 converts the analog measurement
signal inputted from the mput circuit 202 to a digital signal.

The program memory 204 1s a memory storing various
programs. For example, the program memory 204 stores
programs that cause the CPU 201 to operate. The program
memory 204 may, for example, be configured by a flash
memory (flash ROM) or the like.

The volatile memory 205 functions as a primary storage
apparatus when a program 1s being executed by the CPU
201. The volatile memory 205 may, for example, be con-
figured by random access memory (RAM).

The non-volatile memory 206 stores various information.
The non-volatile memory 206 may be readable and write-
able. The non-volatile memory 206 may, for example, store
various parameters used 1n calculations. These parameters
may, for example, be determined in advance by the user or
manager of the field device 10. The non-volatile memory
206 may, for example, be configured by electrically erasable
programmable read-only memory (EEPROM).

The display device 207 1s an apparatus for displaying
various information. The display device 207 1s, for example,
a well-known display such as a liquid crystal display (LCD),
an organic electro-luminescence display (OELD), or an
iorganic electro-luminescence display (IELD). The display
device 207 displays the measurement results from the CPU
201, for example.

The output circuit 208 outputs the measurement results
from the CPU 201 to an external drive apparatus or con-
troller. The output circuit 208 outputs a signal corresponding
to the measurement results from the CPU 201 with a current
of 4 to 20 mA to the drive apparatus or controller, for
example. The output circuit 208 may, for example, output a
signal corresponding to the measurement results from the
CPU 201 as a pulse signal.

As described above, the field device 10 performs opera-
tions such as receiving a measurement signal from the
sensor 600, performing calculations, and transmitting a
signal of the measurement results to an external dnive
apparatus or controller. Depending on the use environment
of the field device 10, however, operations of the field device
10 may become unstable. For example, the electronic com-
ponents of the field device 10 might not operate properly, or
operations might become unstable, 11 the field device 10 1s
used 1n a cold area with extremely low temperatures, such as
—-60° C. or below. Operations of the field device 10 may
therefore become unstable.

One way to address this 1ssue 1s to stabilize operations of
the field device 10 by configuring the field device 10 with
special electronic components capable of stable operations
even 1n an extremely low-temperature use environment.
These special electronic components, however, have a

higher unit price than normal components by virtue of being
special. A field device 10 that i1s useable even at extremely
low temperatures is therefore expensive overall. Special
clectronic components may also be large 1n size.
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A field device capable of operating stably even in an
extremely low-temperature use environment without requir-

ing special components 1s therefore described in the present
disclosure.

First Embodiment

FIG. 2 1s a functional block diagram illustrating the
schematic configuration of a field device 1 according to a
first embodiment. The field device 1 according to the first
embodiment includes a maimn unit 200 and a case 300
housing the main unit 200. The configuration of the main
unit 200 1n the field device 1 1s similar to that of the main
unit 200 described 1n the comparative example. A depiction
and description of the detailed functional blocks in the main
unit 200 are therefore omitted here.

The field device 1 according to the present embodiment 1s
connected to a sensor 600, like the field device 10 according
to the comparative example. The field device 1 according to
the present embodiment 1s also connected to a power source
100 and can receive a supply of power from the power
source 100, like the field device 10 according to the com-
parative example.

The field device 1 according to the present embodiment
includes a first temperature switch 400. The first temperature
switch 400 1s housed 1n the case 300. The first temperature
switch 400 1s a switch that switches between conducting
(on) and not conducting (ofl) 1n accordance with the tem-
perature. In the present embodiment, the first temperature
switch 400 turns on by rising to the first temperature. The
first temperature may be a temperature at which operations
of the field device 1 are stable to a predetermined degree.
The first temperature may be set appropriately i accordance
with the specifications of the field device 1, the specifica-
tions of components of the electronic circuit, or the like. The
first temperature switch 400 may, for example, be a bimetal
thermoswitch.

As 1llustrated 1n FIG. 2, the first temperature switch 400
1s connected to the power source 100 in series with the main
unit 200. Accordingly, when the temperature 1s below the
first temperature, the first temperature switch 400 turns off,
and power 1s not supplied from the power source 100 to the
main unit 200. Conversely, when the temperature rises to the
first temperature, the first temperature switch 400 turns on,
and power 1s supplied from the power source 100 to the main
unit 200. In other words, power 1s supplied when the
temperature 1s equal to or greater than the first temperature,
and the main unit 200 becomes operable. The main unit 200
can therefore operate more stably than when operating at a
lower temperature than the first temperature (such as an
extremely low temperature).

The field device 1 according to the present embodiment
turther includes a heating element 500. The heating element
500 1s housed in the case 300. The heating element 500
receives a supply of power and generates heat. The heating
clement 500 forms a heater, for example. The heating
clement 500 may, for example, be configured by a resistance
clement. The heating element 500 1s connected to the power
source 100 1n parallel with the main unit 200 and the first
temperature switch 400, as illustrated 1n FIG. 2. In other
words, the heating element 500 1s connected directly to the
power source 100 without the first temperature switch 400
therebetween. Power 1s therelore supplied to the heating
clement 500 when the power source 100 1s running, regard-
less of whether the first temperature switch 400 1s on or off,
and the heating element 500 then generates heat, raising the
temperature inside the case 300.
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In the field device 1 with the above-described configura-
tion, power 1s supplied to the heating element 500 from the
power source 100, and the heating element 500 generates
heat. The temperature inside the case 300 rises as a result of
the heat generated by the heating element 500. When the
temperature 1nside the case 300 1s lower than the first
temperature, the first temperature switch 400 1s ofl. In this
case, power 1s not supplied to the main unit 200, and the
main unit 200 does not operate. When the temperature inside
the case 300 rises to the first temperature, the first tempera-
ture switch 400 turns on, power 1s supplied to the main unit
200, and the main unit 200 starts to operate. In this case, the
main unit 200 can operate stably, because the temperature
inside the case 300 1s equal to or greater than the first
temperature.

To achieve the desired stable operation of the main unit
200 1n the present disclosure, 1t suflices for the first tem-
perature switch 400 to be on when the temperature around
the main unit 200 1s equal to or greater than a first tempera-
ture threshold. From this perspective, the first temperature
switch 400 1s preferably disposed near the main unit 200.
The first temperature switch 400 may, for example, be joined
in a heat transferable manner to a circuit board forming the
main umt 200. The first temperature switch 400 may, for
example, be adhered by resin potting (1including the case of
being covered by resin) to the circuit board forming the main
umt 200. Power 1s supplied to the main umt 200 by the first
temperature switch 400 being on when the main unit 200
rises to the first temperature or a temperature near the first
temperature.

FIG. 3 1llustrates operations by the field device 1. FIG. 3
illustrates the temperature change 1nside the case 300, the on
or ofl state of the power source 100, and the on or ofl state
of the first temperature switch 400. The horizontal axis 1n
FIG. 3 represents the passage of time. The first temperature
1s —10° C. 1n the example in FIG. 3. In other words, 1n the
example described here, the field device 1 can operate stably
at or above -10° C.

The power source 100 1s assumed to be off at time T,. In
other words, the power source 100 1s not supplying power to
the field device 1 at time T,. The temperature inside the case
300 1s assumed to be —=60° C. at time T,. In other words, the
temperature inside the case 300 1s lower than the first
temperature of —10° C. The first temperature switch 400 1s
therefore off at time T,

At time T, an operation to turn the power source 100 on
1s nputted to the field device 1, for example by the operator,
manager, or the like of the field device 1, as illustrated in
FIG. 3. By the power source 100 being turned on, power 1s
supplied to the heating element 500, and the heating element
500 generates heat. At this time, the first temperature switch
400 remains ofl, because the temperature inside the case 300
1s lower than the first temperature of —10° C.

The temperature inside the case 300 rises as a result of the
heat generated by the heating element 500. The temperature
inside the case 300 reaches —10° C. at time T,. When the
temperature inside the case 300 reaches —10° C., the first
temperature switch 400 turns on. Power then starts to be
supplied to the main unit 200 from the power source 100,
and the main unit 200 activates and starts operating. Since
the temperature inside the case 300 1s —10° C. or higher at
this time, the main unit 200 can operate stably.

In this way, the field device 1 according to the present
embodiment 1s configured so that when the temperature
inside the case 300 rises to the first temperature, the first
temperature switch 400 turns on, power 1s supplied to the
main unit 200, and the main unit 200 starts to operate. The
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main unit 200 can therefore start to operate when the
environment allows stable operations. Furthermore, by

including the heating element 500, the field device 1 can
raise the temperature 1nside the case 300 when the tempera-
ture 1nside the case 300 1s lower than the first temperature,
thereby quickly achieving an environment that allows the
main unit 200 to operate stably. The field device 1 1s thus
capable of operating stably even in an extremely low-
temperature use environment, without requiring special
components.

Furthermore, by being configured with general-purpose
components without use of special components, the field
device 1 of the present embodiment can avoid the increase
in costs that use of special components would entail. The
field device 1 therefore allows a reduction 1n size and cost.

Second Embodiment

FIG. 4 1s a functional block diagram illustrating the
schematic configuration of a field device 2 according to a
second embodiment. Like the field device 1 according to the
first embodiment, the field device 2 according to the second
embodiment includes a case 300, a main unit 200 housed
inside the case 300, a first temperature switch 400, and a
heating element 500. Differences between the field device 2
according to the second embodiment and the field device 1
according to the first embodiment are focused on below,
with a description of points 1n common being omitted as
appropriate.

The field device 2 according to the present embodiment
turther includes a second temperature switch 401. As 1llus-
trated 1n FIG. 4, the second temperature switch 401 1s
connected to the power source 100 1n series with the heating
clement 500 and 1n parallel with the main unit 200 and the
first temperature switch 400. The second temperature switch
401 1s housed in the case 300. The second temperature
switch 401 1s a switch that switches between being on and
ofl 1n accordance with the temperature. In the present
embodiment, the second temperature switch 401 stops con-
ducting, 1.e. turns ofl, by rising to the second temperature.
The second temperature 1s higher than the first temperature.
The second temperature switch 401 may, for example, be a
bimetal thermoswitch.

FIG. 5 1llustrates operations by the field device 2. FIG. 5
illustrates the temperature change nside the case 300, the on
or ol state of the power source 100, the on or off state of the
first temperature switch 400, and the on or ofl state of the
second temperature switch 401. The horizontal axis 1n FIG.
5 represents the passage of time. The first temperature 1s
—10° C. 1n the example 1n FIG. 5, like the example 1n FIG.
3. The second temperature 1s 50° C. 1n the example 1n FIG.
5.

The power source 100 1s assumed to be ofl at time T,. In
other words, the power source 100 1s not supplying power to
the field device 2 at time T,. The temperature inside the case
300 1s assumed to be -60° C. at time T,. In other words, the
temperature inside the case 300 1s lower than the first
temperature of —10° C. At time T,, the first temperature
switch 400 1s therefore off, and the second temperature
switch 401 1s on.

At time T,, an operation to turn the power source 100 on
1s nputted to the field device 2, for example by the operator,
manager, or the like of the field device 2, as illustrated in
FIG. 5. At this time, the second temperature switch 401 1s
on, because the temperature mside the case 300 1s lower than
the second temperature of 50° C. Power 1s therefore supplied
from the power source 100 to the heating element 500, and
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the heating element 500 generates heat. Conversely, the first
temperature switch 400 remains ofl, because the temperature
inside the case 300 1s lower than the first temperature of
-10° C.

The temperature inside the case 300 rises as a result of the
heat generated by the heating element 500. The temperature
inside the case 300 reaches —10° C. at time T,. When the
temperature inside the case 300 reaches —10° C., the first
temperature switch 400 turns on. Power then starts to be
supplied to the main unit 200 from the power source 100,
and the main unit 200 activates and starts operating. Since
the temperature inside the case 300 1s —10° C. or higher at
this time, the main unit 200 can operate stably. The second
temperature switch 401 remains on, because the temperature
inside the case 300 1s lower than the second temperature of
50° C.

The temperature inside the case 300 rises further and
reaches 50° C. at time T, as a result of the heat generated by
the heating element 500. When the temperature inside the
case 300 reaches 50° C., the second temperature switch 401
turns off. The supply of power to the heating element 500
then cuts off, suspending heat generation by the heating
clement 500. When the temperature inside the case 300 falls
to 50° C. or lower, the second temperature switch 401 turns
on again, and the temperature mnside the case 300 rises due
to heat generated by the heating element 500. The tempera-
ture 1mnside the case 300 1s therefore maintained 1n a range of
—-10° C. or higher, and the first temperature switch 400
remains on.

Like the field device 1 according to the first embodiment,
the main unit 200 1n the field device 2 according to the
present embodiment can start to operate when the environ-
ment allows stable operations. Furthermore, the field device
2 according to the present embodiment includes the second
temperature switch 401 that cuts ofl the supply of power to
the heating element 500 when the temperature inside the
case 300 reaches the second temperature or higher. The
second temperature switch 401 thus suspends heat genera-
tion by the heating element 500 when the temperature mnside
the case 300 rises to the second temperature. Hence, the
temperature mnside the case 300 can be prevented from rising
excessively, which suppresses unnecessary power consump-
tion.

If, for example, the components used 1n the field device 2
operate unstably 1n an environment with a predetermined
temperature or higher, the field device 2 according to the
present embodiment 1s useful 1n that 1t can prevent opera-
tions from becoming unstable due to an excessively high
temperature. The field device 2 according to the present
embodiment 1s also usetul if, for example, the main unmt 200
itself generates a large amount of heat. In this case, the field
device 2 can use this self-generated heat to maintain the
temperature inside the case 300 after the start of power
supply to the main unit 200, without using the heating
element 500. In other words, 1f the main unit 200 itself
generates a large amount of heat, and the temperature nside
the case 300 becomes +50° C. or higher (for example, a
temperature at which operations of the main unit 200 do not
become unstable), then the second temperature switch 401
turns ofil, and power consumption in the main unit 200 can
be suppressed. Like the first embodiment, the temperature
switches may be joined in a heat transferable manner or

adhered by resin potting.

Third Embodiment

FIG. 6 1s a functional block diagram illustrating the
schematic configuration of a field device 3 according to a
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third embodiment. Like the field device 1 according to the
first embodiment, the field device 3 according to the third
embodiment includes a case 300, a main unit 200 housed
inside the case 300, and a first temperature switch 400.
Differences between the field device 3 according to the third
embodiment and the field device 1 according to the first
embodiment are focused on below, with a description of
points 1n common being omitted as appropriate.

In addition to a heating element 500, the field device 3
according to the third embodiment includes at least one
other heating element switchable with the heating element
500. FIG. 6 illustrates an example in which a plurality of
other heating elements 1s provided. The field device 3
includes a selection switch 700. The selection switch 700 1s
housed 1nside the case 300.

The other heating elements 501, . . . , N each receive a
supply ol power and generate heat. The other heating
clements 501, . . . , N have a diflerent heat generation
temperature gradient than the heating element 500. The
other heating elements 501, . . . , N may have different heat
generation temperature gradients from each other.

The selection switch 700 1s a switch capable of selectively
switching the heating element connected to the power source
100 from among the plurality of heating elements 300,
501, . . ., N. The selection switch 700 may, for example, be
configured by a mechanical switch. Before an operation 1s
inputted to turn on the power source 100 with respect to the
field device 3, the user, manager, or the like of the field
device 3, for example, mputs a switching operation to the
selection switch 700 to connect one of the plurality of
heating elements 500, 501, . . . , N to the power source 100.
When the power source 100 turns on with respect to the field
device 3, power 1s supplied to the heating element, among
the plurality of heating elements 500, 501, . . . , N, that 1s
connected to the power source 100 via the selection switch
700, and the connected heating element generates heat.

As described above, the plurality of heating elements 500,
501, . . . , N have different heat generation temperature
gradients. The user, manager, or the like can therefore switch
the selection switch 700 to connect an appropriate heating
clement to the power source 100 for the use environment of
the field device 3 or the like. For example, as the environ-
mental temperature 1s lower, a heating element with a higher
heat generation temperature gradient may be connected to
the power source 100. In this way, the field device 3
according to the present embodiment can adjust the degree
to which the temperature 1n the case 300 rises in accordance
with the environmental temperature. This allows adjustment
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of the time until the temperature i the case 300 rises to the
first temperature and the first temperature switch 400 turns
on, 1.€. the time from when power 1s inputted from the power
source 100 to the field device 3 until the main unit 200 starts
to operate. Like the first embodiment, the temperature
switch may be joined 1n a heat transferable manner or
adhered by resin potting.

The second and third embodiments may be combined. In
other words, the field device 2 according to the second
embodiment may be configured to include other heating
clements besides the heating element 500 and to include the
selection switch 700.

The present disclosure 1s not limited to the configurations
specified 1n the above embodiments, and a variety of modi-
fications may be made without departing from the scope of
the claims. For example, the functions and the like included
in the various components may be reordered 1n any logically
consistent way. Furthermore, components may be combined
into one or divided.

The mnvention claimed 1s:

1. A field device comprising;:

an electronic circuit connected to at least one of a sensor
and an actuator;

a bimetal temperature switch connected to a power source
in series with the electronic circuit and configured to
turn on when rising to a first temperature;

a heating element connectable to the power source in
parallel with the electronic circuit and the temperature
switch; and

a housing configured to house the electronic circuit, the
temperature switch, and the heating element.

2. The field device of claim 1, wherein the temperature
switch 1s joined in a heat transierable manner to a circuit
board forming the electronic circuit.

3. The field device of claim 2, wherein the temperature
switch 1s adhered to the circuit board by resin potting.

4. The field device of claim 1, further comprising another
bimetal temperature switch connected to the power source in
series with the heating element and in parallel with the
clectronic circuit and the temperature switch and configured
to turn ofl when rising to a second temperature that 1s higher
than the first temperature.

5. The field device of claim 1, further comprising another
heating element that 1s switchable with the heating element
and has a different heat generation temperature gradient than
the heating element.
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